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(54) CKAHUPyiOlHWfi 30HAOBblfl MHKPOCKOn 14 CnOCOE 143MEPEHHJR CBOMCTB nOBEPXHOCTEfi 
3THM MUKPOCKOnOM 



(57) Pecpepar 

Hcnojib30BaHne: H3MepnTe/ibHafl TexHMKa 
npn nccneflOBaHUM cboPIctb noBepxHOCTefl. 
CymHOCTb n3o6peTeHnn: b MHKpocxewie 30HA c 
npoBOAfli^eR urnoif BbinoriHeH b BUfle 
pe30HaTopa, noflKnioHeH k cxeMe B036y>KAeHHH 
KO/ie6aHnfl n CHa6>KeH ycTpoiScTBOM ppn 
n3MepeHnn MacTOTbi m aMnnnTyAbi Kone6aHHtf 
30Hfla. Cnoco6 M3MepeHHfi cboHctb 
noBepxHOCTM 3aKnioMaeTCfl b tom, mto 
npuKnaflbiBatoT nocroHHHoe HanpajKemie Me>Kfly 

HmOfl M 06pa3L|OM, 30HA npHBOA^T B KOJie6aHHH 

cxeMofi B036y>KfleHnn n CKaHnpytoT o6pa3ei| npn 
noflflep>KaHHH nocTOHHHoro 3HaMeHMf) 
aMnnnTyAbi hjih MacTOTbi Kone6aHnti hjih TOKa 
Me«fly nmoti n o6pa3L|OM. H3MepneMbie npn 
3Tom cumaji Ha MexaHMSM nepeMeinemin aoHfla, 
3HaMeHH« aMnnmyAbi n MacTOTbi Kone6aHnfi 



30HAa h 3HaneHne cwibi TOKa, TeKyi^ero nepe3 
Mmy h o6pa3eu, ncnonb3yioT aha onpeAeneHun 
Tononornn, MexaHUMecKnx h sneiapuMecKnx 

CBOMCT B nOBepXH OCTM. 2 C H 1 3- Cp-Jlbl, 6 MJ1. 
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(54) PROBE-TYPE SCANNING MICROSCOPE AND TECHNIQUE FOR MEASURING SURFACE PROPERTIES BY 
THIS MICROSCOPE 



(57) Abstract: 

FIELD: measurement technology. 
SUBSTANCE: microscope probe has conducting 
needle and is made in the form of resonator 
connected to vibration exciting circuit and 
provided with probe vibration frequency and 
amplitude measuring device. Measuring 
technique involves application of DC voltage 
between needle and specimen, probe setting 
in vibration by means of exciting circuit, 
and specimen scanning while maintaining 
constant the vibration frequency or 
amplitude, or current between needle and 
specimen. Signal across probe displacement 
mechanism, probe vibration frequency and 
amplitude, and current through needle and 
specimen measured in the process are used to 



determine configuration, mechanical and 
electrical characteristics of surface. 
EFFECT: improved measurement accuracy. 3 cl, 
6 dwg 
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H3o6peieHne othocmtcr k cKaHkipyiomefl 

30HAOBOA MMKpOCKOnidM H MO)KeT 6blTb 

ncnonb30BaHO atir M3yHeHMR cboActb 
noBepxHOCTeii TBepAbix Ten (ranonon/iR, 
MexaHMMecKne CBoticTBa, arieKTpuMecKMe 

CBOflCTBa Id flp.) C Cy6MMKpOHHblM H 

HaHOM6TpoBbiM pa3peweHMeM. 

CKaHnpyioiMafl 30HAOBaR MHKpocKonMR KaK 
HayMHoe HanpaBJieHne B03HH<na b Hanane 80-x 
roflOB. Ho6eneBCKaR npeMkiR 3a 1986 toa 6bina 
npncy>KAeHa 3a co3AaHne TyHHeribHoro, 
araMHO-cunoBoro n cBeroBoro CKaHnpywinnx 

30HAOBNX MMKpOCKOriOB (C3M). 

B M3BeCTHOM aTOMHO-CMJlOBOM MHKpOCKOne 

(ACM) (naTem CUJA 472431 8, kti. H 01 J 37/26, 
1988) uma c paAnycoM KpnBid3Hbi ocTpua, 

COM3MepMMblM C aTOMapHbIM pa3M6pOM, 

noMemaeTCH B6nn3H noBepxHocTM b o6nacTb 

AeflCTBHR aTOMHblX CUR llpH 3TOM nnomaAb 
KOHTaiaa mo>K6T 6biTb nopRAKa pa3MepoB aTOMa. 
B ACM b KaMecTBe 30HAnpyiomero 
B3anMOAeficTBH5i ncnojib3yeTcn curia, 
AeticTByiomafl Me>KAy ocipneM 30HAa v\ 
noBepxHOCTbio. npn pa6oTe ACM ocTpue 30HAa 
MoxeT HaxoAMTbcn KaK b o6nac™ curl 
oiranKMBaHMfi, TaK m b o6nac™ can npnTRweHMR 
BaH Aep Baanbca, cooTBeTCTBeHHO KOHTaKTHbiPl 

H HeKOHTaKTHblft pejKMM. 30HA, Ha KOTOpOM 

3aKpenneHa uma, pearnpyeT Ha BeriHHMHy sthx 
cm. no era peaKi^Mu cyART o MexaHMMecKMx 
CBoCicTBax noBepxHOCTM nccneAyeMoro o6"beiaa 
m ee reoMeTpnn. 

H3BeCTHbl MMKpOCKOnbl, B KOTOpblX 30HA C 

nrnotf coBepiuaeT K0ne6aHHR, m o KOHTaicre 
umbi c noBepxHOCTbio cyART no H3MeHeHwo 
MaCTOTbl STMX Kone6aHnPI (naTeHT CUJA 
4851671, hi. G 01 N 23/00, 1989) una 
aMn/iHTyflbi (naTeHT CUJA 5412980, kti. G 01 B 
7/34, 1995). 

H3BecTeH Taioxe MMKpOCKOn, Ha KOTOpOM 
npon3BOARTCR OAHOBpeMeHHbie M3MepeHMfi 
napaMeTpoB Korie6aHMfi 30HAa (aMnnnTyAbi n 

$a3bl), HTO n03BOnReT H3MepRTb He TOflbKO 

Tononorwo, ho h MexaHMHecKne xapaKTepucTMKM 
noBepxHOCTH (naTeHT CUJA 5406832, kti. G 01 B 
5/28, HKM kti. 73/105, 1995). 

flOCTOMHCTBOM BCeX ACM RBTIReTCR HX 

yHMBepcaribHOCTb Ann Bcex tmitob MaTepnanoB. 
KpoMe Toro, b KOHTaKTHOM pe>KHMe TaKne 
MUKpocKonbi MoryT 6biTb HeHyBCTBHTeribHbi k 

BR3KOMy CJIOK) Ha nOBepXHOCTM 06-beiCTOB, 
HeM36e>KHO B03HMKaK)lAeMy Ha OTKpblTOM 

B03Ayxe. 3ro no3BoriReT wcicnioHidTb 
cneL^nanbHyio noAroTOBKy o6pa3ijoB nepeA 
nccneAOBaHneM h npHMeHRTb sth MUKpocronbi 
Ana KOHTpojiR TexHonornMecKMX npoijeccoB. 

B CKaHnpyioLAeM TyHHeribHOM MUKpocrane 
(CTM) [1] paccTOHHHe Me*Ay ocTpneM umbi m 
noBepxHOCTbio onpeAenRiOT ho MHTeHCHBHocTH 
TyHHeribHoro scpcpeKra Me*fly hhmh. 

flOCTOMHCTBOM 3TOTO MeTOAa RBTIReTCR 

B03MO>KHOCTb cy6aTOMapHoro pa3peweHHR. 
HeAOCTaTKOM RBriReTCR to, mto MeTOA pa60TaeT 

TOTlbKO Ha MMCTblX npOBOARLMMX nOBepXHOCTHX. 

Bee C3M rbtiriotcr npn6opaMH 
CKaHnpyioiAero Tuna c nocTpoMHofl pa3BepTKofl. 
npn stom b npoL^ecce CKaHHpoBaHUR 
nponcxoAUT OTcne>KHBaHMe noBepxHoc™, 
OTBenaioiAePi nocroRHHOMy ypoBHio cwibi, 
Ae&CTByiomefi Me>KAy 30haom h noBepxHOCTbK), 
nnid TyHHeribHoro TOKa. npn6opbi, ocHOBaHHbie 
Ha Bbiiuen3rio>KeHHbix npuHL^nnax, no3BoriRioT 
nonynaTb M3o6pa>KeHMfi noBepxHOCTeii c 
ropM30HTanbHbiM m BepTMKaribHbiM 

pa3penieHneM ao 0,01 hm, hto nBnneTCjq nx 



ocHOBHbiM npeidMymecTBOM nepeA 

onTMHecKMMH. no 3TOMy napaMeTpy ohm He 
ycrynaior sneifrpoHHbiM MMKpocKonaM. Kpovie 
Toro, 3th npn6opbi no3Bori5iioT M3MepnTb BbicoTy 
peribecpa b 6onbinoM Anana30He n c bhcokum 
pa3peiueHMeM, hto HeAOCTynHO sneicrpoHHbiM. 
npocTOTa ncnorib30BaHHfl cKaHMpyioiAMX 

30HAOBNX MHKpOCKOnOB, MX yHMBepcaribHOCTb Id 

oonee npocTaa HHTepnpeTaL^nn nonynaeMbix 
AaHHbix AaioT mm 3HaHMTeribHbie npenMyiAecTBa 
nepeA sneiupoHHbiMM MMKpocKonaMM He ToribKO 
b HayHHbix nccneAOBaHUHX, ho h b 
TexHonorMHecKHx npuMeHeHnnx. B 6oribiiJMHCTBe 
cnynaeB C3M He Hyx<AaioTCfl b BaKyyMe (b 
omnMne ot sneiapoHHbix). 3to cymecTBeHHO 
ycKopneT noAroTOBKy npn6opa k pa6oTe n 
o6nerMaeT npoLiecc nccneAOBaHnn. KpoMe Toro, 
b nocneAHne roAbi Hat^AeHbi HOBbie o6nacTM 
npHMeHeHMfi stmx npn6opoB Ann 
MMKpoMaHMnynidpoBaHidfl, MOAMCpMKaL^MM m 
n3MepeHMfl CBOficTB noBepxHOCTeii. CranMOCTb 

CKaHMpyiOlAMX 30HAOBblX MldKpOCKOnOB B 

cpeAHeM b 10-100 pa3 HM5Ke sneirrpoHHbix. 

OAHaKO Ha ceroAHRUJHMM Ae Hb 6oribiiJMHCTBO 
C3M peann3yioT Ha oahom 30HAe ronbKO 
TyHHenbHbi^, nn6o aTOMHO-cunoBot^ pe>KHM 
M3MepeHM«. BcneACTBue stoto npeACTaBrifieTCfl 
npo6neMaTMHHbiM nccneAOBaHne OAHoro m toto 
xe ynacTKa noBepxHOCTM c tohkm 3peHM5i 
OAHOBpeMeH ho sneiapunecKnx m MexaHMMecKHX 
napaMeTpoB, t. k. npn cMeHe 30HAa nponcxoAMT 
noTepn cKaHnpyeMO^ o6nacTH. TaKaa npo6neMa 
B03HMKaeT noTOMy, hto An« peann3aL^nn ACM 

06blHHblMM MSTOABMId Heo6XOAMM 30HA C 

BecbMa ManoR xecTKOCTbio An« AOCTHxeHMfl 

Heo6XOAMMOti HyBCTBIdTeJlbHOCTM K BHeLUHeR 

curie. B to xe apem ati« CTM Tpe6yeTcn 3oha 

C BblCOKOtf JKeCTKOCTblO, HT06bl B03HHKaK)lAHe 

Me>KAy 30HAOM M noBepxHOCTbio 
3/ieKTpocTaTM L tecKne cunbi He MCKaxariM AaHHbie 
M3MepeHM^. PeaieHne 3aAann coBMemeHidfl 
sneKTpuHecKMX id MexaHnnecKidx id3MepeHidR Ha 
oahom 30HAe Heo6xoAHMo, b HacTHocTid, Ann 

Hy>KA MMKpOSneKTpOHMKM. 

Haid6onee 6riM3KidM TexHMHecKMM peiiieHneM 
npeAnaraeMoro ycTpoifoTBa n cnoco6a 
asnRercR CKaHnpyiomufi 30HAOBbifl MUKpocran n 
cnoco6 M3MepeHidrH noBepxHOCTefi c ero 
idcnorib30BaHMeM [2] . MidKpocKon coAepxnT 
30ha b BidAe KOHcoribHoPi 6ariKid c 3aKpenneHHOid 
Ha ee cbo6oahom KOHi^e tohko^ idrnofl H3 
npoBOARLAero MaTepnana, Ha KOTopofl MoxeT 
noAAep>KMBaTbcrH perynnpyeMoe Hanp^JKeHide; 
ycTpoflcTBo Ann nepeMemeHMR o6pa3L^a 
OTHOcidTeribHO cBo6oAHoro KOHi^a KOHCoribHoCi 
eanKid; MexaHM3M M3MepeHkiH Manbix 
nepeMemeHidi^ Ann id3MepeHid« M3rn6a 6ariKM; 
MexaHid3M ynpaBneHun n3rn6oM 6anKid c L^eribio 
noAqepxaHidR 3aAaHHoro paccTornHMR Me>KAy 
ocrpneM umbi n noBepxHOCTbio. Cnoco6 
H3MepeHnrn noBepxHOCTeii c noMoiAbio stoto 
MUKpocKona 3amiioHaeTCR b cneAyioiAeM: 1) 
(CTM - pe>KMM + curia Mex<Ay urnoti m o6pa3LjOM) 
noflflepxidBaioT nocTORHHbi^ H3rn6 SariKM npn 
noMOiAid MexaHid3Ma H3MepeHM« Manbix 
nepeMemeHUM id Mexann3Ma ynpaBneHna 
M3rid6oM 6anKH, npnicnaAbiBaioT nocTORHHoe 
HanpRweHne MejKAy urnoii m o6pa3L\oM, o6pa3eL\ 
cKaHnpyioT urnotf BAonb CBoePi noBepxHOcru 
npn noMoiAH MexaHM3Ma no3idL\MOHnpoBaHidR 
o6pa3u,a npn noAAepxaHnn nocTORHHoro 
3HaneHHR TOKa, TeKymero Mex<Ay nrrioti m 
o6pa3LioM, id npid stom M3MepRK)T curHan 
MexaHid3Ma ynpaBneHMR id3rn60M 6ariKid n 
cufHari MexaHid3Ma no3idL^noHnpoBaHMR o6pa3L^a 
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B BepTMKanbHOM OTHOCMTe/lbHO 

o6pa3L^a HanpaBJieHMM. 2) (ACM - pexMM + 

3JieKTp0np0B0flH0CTb nOBepXHOCTM) 

ycTaHaanMBaioT onpeAeneHHbiB M3rn6 6a;iKM 
npn noMomn MexaHM3Ma M3MepeHMfl Manwx 
nepeMemeHMti n MexaHMSMa ynpaBJieHHfl 
M3rn6oM 6a;iKM, npnioiaflbiBaioT nocTOHHHoe 
HanpfweHkie Me>Kfly nmo(i m o6pa3uoM, o6pa3eu 
CKaHnpyioT npn noMomn MexaHM3Ma 
no3Mi4MOHnpoBaHi(i5) o6pa3Lja npn noflAepraHMM 
nocTOAHHoro M3rn6a 6a;iKM m npn stom 
n3MepfiiOT cumaji MexaHH3Ma 

n03ML^MOHMpOBaHMR 06pa3Lja B BepTldKajIbHOM 

OTHocnTGJibHO njiocKOCTM o6pa3L(a HanpaB/ieHMM 
n 3HaMeHMe TOKa, TeKymero Me>xny wmofl m 

06pa3L^0M. 

flOCTOMHCTBOM flaHHOTO MMKpOCKOna 
HBJlfleTCfl TO, MTO OH n03BOJlfleT OCymeCTBJlflTb 
M3MepeHMfl CBOflCTB nOBepXHOCTefl KaK B 

pe>KMMe ACM, tsk m b pewuMe CTM. 

HeflocTaTKOM flaHHoro MHKpocrona n 
cnocooa HBJifleTcn to, hto Ha paccTOAHne 
Me>Kfly wrioCi h noBepxHOCTbio BJinaeT M3rn6 
6anKid, KOTopbifl B03HHKaeT nofl B03fledcTBneM 

KaK SJieKTpMHeCKMX, TaK H MexaHMHeCKMX CHJ1. 

3to npuBOAUT k TOMy, hto M3MepaeMbie AaHHbie 

3aBMCflT OT KOMOVlHaLJHH MexaHMHeCKMX M 

aneicTpuMecKnx cboActb noBepxHocTM m 3tm 
CBO^CTBa He MoryT 6biTb M3MepeHbi OTflenbHO 
Apyr ot Apyra. TaioKe Ann peajiM3aL^nn 
yKa3aHHbix pexcuMOB b flaHHOM MUKpocrane 
ncnoiib3yK3T ABa npeL^M3HOHHbix MexaHM3Ma 
BepTMKaiibHbix nepeMeiAeHnn: MexaHM3M 
no3nu,MOHnpoBaHMfi o6pa3L^a OTHOCMTeiibHO 

CB060AHOrO KOHU|a KOHCOJlbHOfl 6a/lKM M 

MGxaHH3M ynpaB/ieHHA M3rn6oM 6a/iKM KpoMe 

TOrO, TaKOtf MMKpOCKOn He n03BOJ15ieT M3MepflTb 

MexaHMMecKMe CBOficTBa noBepxHocTeti (MOAy/ib 
ynpyrocTM, ko34>4>ml^m@ht baskoctm m flp ). 

3aflaneM n3o6peieH m h HBjiHeTCH co3AaHne 
HOBoro C3M m Ha era ocHOBe cnoco6a 
M3MepeHM5i Tono/iornn, MexaHMMecKnx h 
sneiapuMecKHx cbo&ctb noBepxHOCTefl oahhm 

30HAOM. 

nocTaBneHHafl 3aAana pewaeTca TeM, hto b 
MMKpocKone, coAep>KaiAeM 30ha c 
3aKpenneHHOii Ha HeM tohkom nmoCi H3 
npoBOA^iAero MaTepnana, Me*Ay KOTopotf n 
o6pa3UOM noAAsp)KHBaK)T perynnpyeMoe 
HanpfweHne, ycTpoticTBo ppn nepeMemeHMH 
o6pa3L;a b ropn30HTanbHO^ nnocKOCTH, 
MexaHM3M ynpaBJieHun nepeMemeHneM 30HAa c 
L^enbio noAAepwaHMfl 3aAaHHoro paccTOHHHfl 
Me>KAy ocTpneM nrribi m noBepxHOCTbio 
nccjieAyeMoro o6pa3Lja, 30ha BbinonHeH b BHAe 
pe30HaTopa, noAKJiraneH k cxenne B036y«AeHHfl 
Kone6aHM^ id CHa6>KeH ycTpo^CTBOM Ann 
M3MepeHMfi MacTOTbi m aMnxiMTyAbi KoneGaHU^ 

30HA3. 

Ha cpur. 1 noKa3aHa o6^an cxeMa 
MMKpocKona; Ha 0nr.2 m 3 npeACTaaneHbi 
cooTBeTCTBeHHO M3o6pa>KeHne TononoruM 
noBepxHOCTn TBepAoro cnnaBa, nojiyneHHoe b 
pe>KHMe ACM v\ cooTBeTCTByiomafl eiwy KapTa 
>KecTKOCTn; Ha tipw.4 v\ 5 npeACTaBiieHbi 
cooTBeTCTBeHHO M3o6pa>KeHMe Tononornn 
noBepxHocTM ajuoMMHMS, nonyMeHHoe b pe>KMMe 
ACM m cooTBeTCTByioiAafl eMy KapTa 
pacnpeAeneHMfl aneKTponpoBOAHOCTn; Ha cpnr.6 
npeACTaaneHO nonyneHHoe b pe>KMMe CTM 
M3o6pa>KeHMe noBepxHoc™ nuponnTHMecKoro 
rpacpMTa. 

B cocTaB MMKpocKona (cpur. 1) bxoamt 30ha 
1 c 3aKpenneHHOM Ha HeM tohkom nrno« M3 
npoBOA^iAero MaTepna^a 2. Mma 2 MMeeT 



3JieKTpM4eCKMM K0HT3KT C 3/ieKTpOAOM 3. 30HA 1 

coeAMHeH c MexaHM3MOM ynpaBneHna 
nepeMemeHneM 30HAa 4. MexaHM3M 
ynpaBJieHMfl nepeMemeHneM 30HAa 4 
noAKnio4eH k cxeMe B036y>KAeHMfl Kone6aHM^ 5 
m k cxeMe perynnpoBaHMfi nonoxeHMfl 30HAa 
(peryjiATop) 6. MMeeTcn cxeMa M3MepeHM5i 7 
napaMeTpoB Kone6aHM« 30HAa 1 (aMnnnTyAbi n 
MacTOTbi). BbixoAbi cxeMbi 7 noAKJiKweHbi k 
KOMnbioTepy 8 m KOMMyTaTopy 9. KoMMyTaTop 9 
noAKfiioHeH k peryjiflTopy 6. 06pa3eu 10 
noMemeH Ha npoBOA^iAyio nnacTMHy 11 TaK, 
Mra6bi Me>KAy hmmm cymecTBOBan 
3JieKTpn4ecKMR KOHTaKT. (IpoBOAflma^ nnacTMHa 
11 3aKpenneHa Ha M3onnpyioine^ onope 12 
ycTpoticTBa Ann nepeMeiAeHun o6pa3L^a b 
ropusoHTanbHOM nnocKOCTM 13, noAKJiioHeHHoro 
k KOMnbioTepy 8. Hctomhmk Hanpfl>KeHMfl 14 
noAKnioHeH k sneicrpoAy 3 m npo*opf\\i\e9\ 
nnacTMHe 11 TaK, hto nnacTMHa 11, o6pa3eL^ 
10, uma 2 m sneicrpoA 3 cocTaBJiaioT eAMHyio 
sneiapn^ecKyio uenb, b Korapyio BKnioMeH 
M3MepnTenb TOKa 1 5. Bwxoa M3MepnTejin TOKa 
15 noflKnioMeH k perynnTopy 6 v\ KOMnbioTepy 8. 
MuKpocKon pa6oTaeT cneflyiomuM o6pa30M. 

1) (Pe)KidM CTM) Me>KAy Mmofl 2 m o6pa3L^OM 
10 cosAaioT Hanpfl)KeHMe c noMOiAbio ncTOHHMKa 
HanpflweHMH 14. (Ipn stom Me>KAy hmmm 
npoTeKaeT tok, sHa^eHMe nocranHHoR 
cocTaanniomefi Koraporo M3MepnioT c noMoiAbio 
n3MepnTe/ifl TOKa 15. Cmnan ot M3MepnTe/in 15 
nocTynaeT Ha perynnTop 6, KOTopbM 
BosAe^cTByeT Ha MexaHMSM nepeMemeHMfl 
30HAa 4 TaK, 4to npn stom ycTaHaannBaeTcn 
saAaHHoe 3HaHeHMe TOKa Me>KAy nmofl m 
o6pa3L|OM. (1oA B03AeticTBMeM curHaxia c 
KOMnbioTepa 8 ropusoHTaxibHbiW CKaHep 13 
nepeMemaeT o6pa3eu b ropn30HTa/ibHO« 
nnocKocTH no 3aAaHHofl TpaeKTopnn. ripn 3tom 
perynqTop 6 c noMoiAbio MexaHM3Ma 
nepeMeLU,eHHR 30HAa 4 nepeMemaeT 6anKy 1 b 
BepTMKa/ibHOM k n/iocKOCTM o6pa3L^a 
HanpaBneHMM TaK, mto6w BennHMHa TOKa Me>KAy 
mnoft m o6pa3L|OM ocTaBanncb nocTOSHHbiMM. 
MexaHH3MOM ynpaBJieHna nepeMemeHneM 
soHAa 4 MoryT 6biTb B036y>KAeHbi Kone6aHnn 
soHAa 1 c onpeAeneHHOM HacTOToii n 
aMnriMTyAoii npn noMomn cxeMbi B036y>KAeHMf) 
KOJie6aHni^ 5. napaMeTpw KOJie6aHnPi 30HAa 1 
npn stom n3MepnioT cxeMO^ 7. CurHaribi, 
cooTBeTCTByioiAne BennMUHe aMnnnTyAN m 
MacTOTbi KOJie6aHMii 6anKH 1 ot cxeMbi 
H3MepeHMfl 7 A m F, curHan perynnTopa 6 2m 
3HaMeHne nocTosiHHoti cocTaB/iaiomeCi TOKa ot 
n3MepnTeJia TOKa 15 1 nocTynaioT b KOMnbioTep 
8 Ana o6pa6oTKM. OnMcaHHbifi cnoco6 pa6oTbi 
no3BOJineT M3MepnTb Tononornio noBepxHOCTe^ 
b pewHMe CTM m mx MexaHnnecKne CBOMCTBa. 

2) (Pe>KMM ACM). MexaHM3MOM ynpaaneHMfl 
nepeMemeHneM 30HAa 4 B036y>KAaioT 
KoneBaHMSi 30Hfla 1 c onpefleneHHOM hsctotom m 
aMnxiMTyAOi^ npn noMomn cxeMbi B036y>KAeHMfl 
KOJie6aHni^ 5. HapaMeTpbi Kone6aHMti 30HAa 1 
(MacTOTa h aMnnnTyAa) M3MepfiioT cxeMoti 7. 
Curnan ot cxeMbi 7, 3aBMCfiiHMCi ot oahoro M3 
napaMeTpoB Kone6aHM^ 6ajiKM 1 (aMnxiMTyAa-A, 
nacTOTa-F), nepe3 KOMMyTaTop 9 nocTynaeT Ha 
peryjinTop 6, KOTopwfl B03Ae^CTByeT Ha 
MexaHH3M nepeMemeHMH 30HAa 4 TaK, hto 

OCTpue MTJlbl 2 BXOAMT B KOHTaKT C 

noBepxHOCTbio o6pa3L^a 10 m npn stom 
ycTaHaBJinBaeTcn 3aAaHHan aMnnnTyAa mjim 
nacTOTa KOJie6aHnti 30Hfla 1 . (Ioa B03fleMCTBneM 
curHana c KOMnbicrrepa 8 ycTpoticTBo 
nepeMemeHMH o6pa3L^a 13 nepeMemaeT 
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ropn30HTanbHotf nnocKOCTM no 
3aflaHHo^ TpaeKTopnid. npn 3tom perynarap 6 c 
noMowbio MexaHM3Ma nepeMeweHHH 30HAa 4 v\ 
cxeMbi M3MepeHMA KoneoaHHti 30Hfla 7 
nepewieinaeT 30ha 1 b BepTMKajibHOM k 
nnocKOCTM o6pa3ija HanpaBneHMH TaK, HTo6bi 
aMnjiMTyAa nn6o nacTOTa Kone6aHMH 6amv\ 1 
ocTaBanacb nocTOAHHbiMM. MeacAy kimotf 2 m 
o6pa3u,oM 10 noflaeTCH HanpwKeHkie c noMombio 
MCTOHHMKa HanpaweHMH 14. npn 3tom MexcAy 
hmmm npoTeKaeT tok, 3HaneHne nocTo^HHOM 
cocTaB^flioineM KOToporo H3MepaioT c noMombio 
M3MepnTe^fl TOKa 15. Cumanbi, 
cooTBeTCTByioiuMe BenidHMHe aMnnHTyAbi h 
nacTOTbi Kone6aHnfl 30Hfla 1 ot cxeMbi 
M3MepeHMfi 7 A m F, CHman perynaTopa 6 Z n 
3HaMeHMe nocroHHHofl cocTaBnaioLAetf TOKa ot 
M3MepnTenfi TOKa 1 5 I nocrynaioT b KOMnbioTep 8 
Ana o6pa6oTKM. OnkicaHHbifl cnoco6 pa6oTbi 
no3BonneT M3MepaTb Tononornio noBepxHOCTefi 
b pe>KMMe ACM, MexaHnnecKMe cBoticTBa 
(ynpyrocTb n BH3KOCTb) n ajieKTpuMecKne 

CBOflCTBa. 

CTa6nnbHbi« pexnM CTM o6ecneHHBaioT 

TeM, MTO 30HA MO>KeT 6blTb CAeiiaH AOCTaTOHHO 
>KeCTKMM, 4T06bl npaKTHMeCKM HCIOllOMHTb 

BfiMflHue sneKTpMHecKMX cmji MeacAy nmoti m 
noBepxHOCTbto. 3Ta >Ke oco6eHHOCTb no3BonfleT 
M3MepflTb aneiapuMecKne CBoCtaTBa b pewHMe 

ACM. B03MO>KHOCTb M3rOTOBJieHMfl 30HAa 
WeCTKHM 06"bflCHfleTCfl TeM, HTO Pf\K KOHTponfl 

KOHTaiaa nrnbi c noBepxHOCTbio b pewuMe ACM 
ncnojib3yeTcn He M3rn6 30Hfla, a napaMeTpbi era 
Kone6aHMfl. 3to we no3BonfleT M3MepflTb 
MexaHnnecKne ceoMCTBa noeepxHOCTM. 

Cnoco6 M3MepeHnn cboActb noBepxHOCTM 
3aKn(OHaeTCfl b tom, mto npuKnaAbiBaKDT 
nocTOHHHoe Hanpa>KeHne MewAy nmoCi 2 n 
o6pa3L(OM 10 m OKaHnpyioT o6pa3eu, 
ycTpo^CTBOM Anf nepeMemeHMH o6pa3ija 13. 
npn 3TOM 30ha 1 c 3aKpenneHHOtf Ha HeM wmow 
2 npuBOAfT B KOJie6aHns cxeMofi B036y>KAeHMfl 
5, a CKaHnpoBaHne npoBOAHT npn noAAepwaHWH 
nocTOAHHoro 3HanemiH aMnnwyflbi v\m nacTOTbi 
Kone6aHHM 30HAa 1 hjih TOKa Mewy nmoii 2 v\ 
o6pa3L^OM 10, KOTopoe ocymecTBTiflKiT nyTewi 
M3MepeHnn aMnnnTyAbi, nacTOTbi n TOKa h 
noflaMM cooTBeTCTByKiiAero curHana Ha 
MexaHM3M nepeMemeHHH 30HAa 4. npn stom 
3HaMeHnn curHanoB, cooTBeTCTByiomnx 
aMnnnTyAe, MacTOTe, TOKy, n cumana 
MexaHM3Ma nepeMeineHkia 30Hfla cpuKcwpyioT. 

npuMep 1. ripeAno>KeHHbifl cnoco6 
M3MepeHMfl TonoxioruM m MexaHMMecKnx cbomctb 
noBepxHOCTM 6bin npuMeHeH An^ nccneAOBaHna 
CTpyiavpbi TBepAbix cnnaBOB Ha ocHOBe 
Kap6MAa BOJib0paMa (WC). npoi^eAypa 
M3MepeHMfl cocTOfuia b cneAyioLAeM, B KanecTBe 
o6pa3ua 10 ncnonb30Bann o6-beKT H3 TBepAoro 
cnnaBa co ujnn0OBaHHOM noBepxHOCTbK), 
KOTopaa noABepranacb MccneAOBaHnio. 
MexaHH3MOM ynpaBJieHna nepeMeiu,eHneM 
30HAa 4 B036y>KAaJiM Kone6aHMfl 30HAa 1 c 
HacTOTOM 12 Kri^ m aMnjiHTyAofi 10 hm npn 
noMoiAM cxeMbi B036y>KAeHMfl KoneSaHMfl 5. 
napaMeTpbi Kone6aHMM 30HAa 1 (nacTOTa n 
aMnnnTyAa) M3Mepflnn cxeMofi 7. CMman ot 
cxeMbi 7, cooTBeTCTByiomidM aMnnnTyAe 
Kone6aHM^ 30HAa 1, nepe3 KOMMyTaTop 9 
nocTynan Ha perynaTop 6. KOTopuCi 
B03AeMCTBOBan Ha MexaHM3M nepeMemeHMfl 
6anKM 4 TaK, hto ocTpue umbi 2 HaxoAMJiocb b 
KOHTairre c noBepxHOCTbio o6pa3ua 10 m npn 
3tom b pe3yxibTaTe Hajinnnfl noTepb b TOHKe 
KOHTairra ycTaHaBTiMBanacb 3aAaHHaa 



aMnnnTyAa Kone6aHM« 30HAa 1, MeHbiue 10 hm. 
lloA B03Ae«CTBneM curHana c KOMnbioTepa 8 
ycTpoC^CTBO Ann nepeMeineHMH o6p33L(3 13 
nepeMeiAano o6p33eL( b ropn30HT3nbHoi^ 
nnocKOCTM TaK, hto6h urns nocTpoHHO 
CKaHnpoBana noBepxHOCTb o6pa3ija Ha 
nnoiAaAM 5x5 mkm. ripn stom perynaTop 6 c 
noMoinbio MexaHM3Ma nepeMemeHMfl 30HAa 4 m 
cxeMbi M3MepeHMfl Kone6aHM« 30HAa 7 
nepeMeinan 30HA 1 b BepTMKanbHOM k 
nnocKOCTM o6pa3L(a HanpasneHUM TaK, MTo6bi 
aMnnnTyAa Kone6aHM« 30HAa 1 ocTaBanscb 
nocTO^HHofi. Cuman, cooTBeTCTByiouJiMM 
MacTOTe Kone6aHMti 30HAa 1, ot cxeMbi 
MSMepeHHfl 7 F m cuman perynaTopa 6 Z 
nocTynann b KOMnbioTep 8 Ann o6pa6oTKM. 
Cnmari Z ncnonb30Bann Ana nocTpoeHun 
nso6pa)KeHMfl penbecpa noBepxHOCTM (cpur. 2), 
cumaji F McnojibsoBann pp* nocTpoeHMfi KapTbi 
K03cpcpML(MeHTa wecTKOCTM noBepxHOCTM (cpur. 
3). Ha cpur. 3 6onee cBeTiibie o6nacTM 
coot BeTCT By iot 6onbiueMy 3HaMeHMio 

K03CpCpML(HeHTa «eCTKOCTM nOBepXHOCTId. TaKMM 

o6pasoM Ha KapTe wecTKOCTM Mbi Ha6jiK)AaeM 
6onee wecTKwe ynacTKH, cooTBeTCTBy K)ii(ne 
aepHaM Kap6nAa BonbCppaMa n ynacTKM c 
MeHbwePi wecTKOCTbio, cooTBeTCTByioiAMe 
MeTanny-CBfisKe. 3Ta KapTMHa comacyeTca c 
M3o6pa>«eHMeM Tononornn noBepxHOCTM. 

ripuMep 2. npeAnoweHHbiS cnoco6 
M3MepeHMH Tononornn m aneiapunecKnx cbomctb 
noBepxHOCTH 6bm npuMeHeH An« MccneAOBaHun 
noBepxHOCTM anioMMHun. npoL^eAypa 
MSMepeHkin cocTonna b cneAyioiAeM. B KanecTBe 
o6pa3Lia 10 ncnonbsoBann nnacTMHy M3 
anioMUHMn c pOBHOM nOBepXHOCTblO, KOTopan 
noABepranacb nccneAOBaHMio. Me>KAy 
BOJibcppaMOBO« urnoti 2 m 06pa3U0M 10 
noAaBann Hanpfl>KeHMe 0,1 B c noMombio 
ncTOMHMKa HanpaweHMfl 14. ripn 9tom Me>KAy 
hhmh npoTeKan tok, 3HaneHMe KOToporo 
M3Mep5WM c noMoiAbio M3MepnTenn TOKa 15. 
MexaHM3MOM ynpaBTieHun nepeMemeHneM 
soHAa 4 B036yA3Aann Kone6aHHfl 30HAa 1 c 
MacTOToPi 12 Kfi\ m aMn/iHTyAO& 1 hm npn 
noMomn cxeMbi B036y>KAeHHfl Kone6aHnC^ 5. 
napaMeTpbi KO/ie6aHM& 30HAa 1 (nacTOTa m 
aMn/iHTyAa) M3MepaJin cxeMoPi 7. Cuman ot 
cxeMbi 7, cooTBeTCTByioiAnPi aMnnnTyAe 
Kone6aHnCi 30HAa 1, Mepe3 KOMMyTaTop 9 
nocTynan Ha perynfiTop 6, KorapbiK 
BO3Ae«CTB0Ban Ha MexaHH3M nepeMeineHMfl 

30HA3 4 TaK, MTO OCTpue Mmbl 2 HaXOAMJIOCb B 

KOHTaicre c noBepxHOCTbio o6pa3i^a 10 v\ npn 
3tom b pe3ynbTaTe HannHUfl noTepb b TOMKe 
KOHTaKTa ycTaHaBJiMBanacb 3aAaHHaa 
aMnnnTyAa Kone6aHH(^ 30HAa 1 , MeHbiue 1 hm. 
noA B03AeBcTBneM curHana c KOMnbioTepa 8 
ycTpoitaTBO Ann nepeMei^eHna o6pa3ua 13 
nepeMemano o6pa3ei^ b rapusoHTa/ibHoi^ 
nnocKOCTH TaK, 4to6h Mma nocTpoMHO 
CKaHnpoBana noBepxHOCTb o6pa3L^a Ha 
nnoiAaAn 5.5 mkm. npn stom peryxifiTop 6 c 
noMoiAbio MexaHH3Ma nepeMeiAeHna 30HAa 4 m 
cxeMbi n3MepeHMfl Kone6aHM^ 3oha3 7 
nepeMeiAsn 30HA 1 b BepTMKanbHOM k 
nnocKOCTM o6pa3U3 HsnpaBneHnn TaK, MTo6bi 
aMnnnTyAa Koiie6aHM« 30HAa 1 ocTaBanacb 
nocTOflHHOM. Cumaji peryn^Topa 6 Z v\ 
3HaneHMe nocTOHHHOfi cocTaBJiflioiiJie^ TOKa I 
nocTynann b KOMnbioTep 8 Ann o6pa6oTKM. 
Cnma/i Z ncnonb30Bann Ana nocTpoeHna 
H3o6pa>KeHMfl penbecpa noBepxHOCTM (cpur. 4), 
cuman I ncnonb30Bann ppn nocTpoeHna KapTbi 
aneKTponpoBOAHOCTM noBepxHOCTM (cpur. 5). Ha 
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cpHr. 5 6onee BbicoKne o6/iac™ cooTBeTCTByioT 
6o/ibiueMy 3HaMeHwo aneiaponpoBOAHOc™ 
noBepxHOCTM. 3Aecb Mbi Ha6/iioAaeM ynacTKM 
AnaneiapuMecKoS HenpoHHOCTH okchahoH 
nnGHKM na noBepxHocTn anioMMHMfl. 

ripuMep 3. npeAno>KeHHbM cnoco6 
M3MepeHMfl TononorMM noBepxHOCTM b pewHMe 
CTM 6bin npnivieHeH ppn HccneAOBaHHH 
CTpyKTypbi nuponMTMMecKoro rpacpHTa c 
aTOMapHbiM pa3peweHneM. npoL^eAypa 
M3MepeHMfl cocTOfl/ia b cneAyioLneM. B KanecTBe 
o6pa3L^a 10 ncno/ib30Bajin o6"beKT H3 
nnpo/inTHMecKoro rpacpHTa c maAKofl 
noBepxHOCTbio, KOTopaa noABepranacb 
HccjieAOBaHHio. Me>KAy BonbcppaMOBofi nrnofi 2 
h o6pa3L^OM 10 noAaBa/in HanpaweHue 0,1 B c 
noMoinbio ncTOMHUKa Hanp«>KeHMfl 14. Ilpn stom 
Me>Kny hhmh npoTeKan tok, 3HaHeHne 
nocTOAHHoR cocTaBJinioine^ KOToporo H3Mepfl/in 
c noMombio M3MepnTe^fl TOKa 15. Cuman ot 
H3MepnTerm 15 nocTynan Ha peryjiHTop 6, 

KOTOpblfi B03AeflCTBOBafi Ha MeX3HH3M 

nepeMeineHMA 30HAa 4 Tax, HTo6bi Me>KAy whom 
m o6pa3L^OM npoTeKan tok cnnofl oko/io 1 hA. 
noA B03Ae«CTBneM curHana c KOMnbKrrepa 8 
ycTpo^cTBo Ann nepeMemeHMH o6pa3Lja 13 
nepeivieiAajio o6pa3eL^ b ropn30HTa/ibHOM 
nnocKOCTM TaK, MTo6bi urna nocvrpoHHO 
CKaHMpoBana noBepxHOCTb o6pa3qa Ha 
nnoiAaAM 10.10 hm. I~lpn stom pery/iflTop 6 c 
noMombio MexaHM3Ma nepeMemeHMfl 30HAa 4 m 
cxeMbi M3MepeHMfl TOKa 1 5 nepeMema/i 30HA 1 b 
BepTMKanbHOM k nnocKOCTM o6pa3Lja 
HanpaB/ieHMM TaK, HTo6bi 3HaMeHne nocTOAHHofl 
cocTaB/ifltomefi TOKa ocTaBancfl nocTOflHHbiM. 
Cuman pery/iflTopa 6 Z nocTynann b KOMnbKrrep 
8 Ana o6pa6oTKM m ncnorib30Bancfl Ann 
nocTpoeHMH M3o6pa>KeHMfl pe/ibecpa 
noBepxHOCTM (cpur. 6). Ha ashhom M3o6pa>KeHMM 
Mbi Ha6nioAaeM araMapHyio CTpyiaypy 
nupojiMTUHGCKoro rpa0MTa. 

npeAno>KeHHbi^ cKaHiipyiomMfl 30HAOBbifl 

MUKpOCKOn M CnOCOS M3MepeHMfl CBOflCTB 

noBepxHOCTefl no3BO/innn ocymecTBHTb Ha 

OAHOM 30HA6 TyHHe/lbHblM H aTOMHO-CHJIOBOtf 



pe>KMM M3MepeHM« m M3MepflTb napannenbHO 
Tono/iornio noBepxHOCTefl, mx MexaHMMecKne v\ 
aneKTpuMecKne cBOMCTBa c cy6MHKpoHHbiM v\ 
HaHOMeTpoBbiM pa3peiueHMeM. 3to no3BonaeT 
ncnorib30BaTb era npn pa3pa6oTKe h 
TeXHOJIOrMMeCKOM KOHTpo/ie cno>KHbix 
KOMno3HL4HoHHbix MaTepna/ioB c reTepoc)Da3HOM 
crpyKTypoM m o6"b©KTOB MUKpoajieicrpoHMKH. 

(Dopiuyna M3o6peTeHnn: 

1. CKaHMpyiOLAHfi 30HAOBblfl MUKpOCKOn, 

coAep>KaiAH^ 30ha c tohkoA nnnofl H3 
npoBOAflinero MaTepHana, hctohhhk 
Hanpn>KeHMfl c n3MepnTeneM TOKa, BKJiioMeHHbM 
nocneAOBaTeribHO c nmoti h Hcc/ieAyeMbiM 
o6pa3UOM, ycTpo^CTBO Ann nepeMemeHHH 
o6pa3ua b ropn30HTanbHofi n/iocKOCTH m 
ycTpoflcTBo Ana ynpaBneHHH nepeMemeHHeM 
30HAa ppn perynnpoBaHUfl paccTO^HUfl Mewy 
ocTpneM umbi n noBepxHocTbw Mcc/ieAyeMoro 
o6pa3ua, BKnioHaioiAee b ce6n MexaHH3M 
nepeMemeHUfl 30HAa m cxeniy ynpaB/ieHun, 
coeAHHeHHyio c M3MepnTejieM TOKa, 

OTTIMHaiOLMMfiCfl TeM, MTO OH CHa6>KeH CXeMOM 

B036y>KAeHMfl Kone6aHM« 30HAa h ycTpotfcTBOM 

AHfl M3MepeHM51 MaCTOTbl M aMnJlMTyAbl 

Kone6aHH« 30HAa, coeAMHeHHbiM co cxeuiofl 
ynpaB/ieHMfl. 

2. MuKpocKon no n.1, OTfiMHaioiAM^cfl TeM, 
hto 3oha BbinonHeH b BMfle pe30HaTopa. 

3. Cnoco6 onpeAeneHMfl cbo^ctb 
noBepxHOCTeii, no KOTopoMy wiexfiy wnofi 30Hfla 
n MccneAyeMbiM o6pa3uoM npHKnaAbiBaioT 
nocTOflHHoe Hanpfl)KeHne m nepeMemaioT 
nccneflyeMbiM o6pa3eu OTHOCMTeribHO wnbi, 
OTriMMaioiAn^cfi TeM, hto B036y>KAaioT 
Kone6aHua 30HAa c nrno«, a nepeMei^eHne 
nccneAyeMOro o6pa3ua npon3BOA«T npn 
noAAeprcaHMM nocTOAHHoro 3HaneHMfl 
aMnnnTyAbi mjim nacTOTbi Kone6aHM^ 30HAa, nnn 
TOKa Me>KAy urnoR m o6pa3L^OM nyTeM 

M3MepeHMfl M CpMKCaL(MM T6KyiMMX 3HaHeHM^ 

yKa3aHHbix napaMeTpoB m cumariOB, 
nocTynaioiAnx Ha MexaHH3M nepeMemeHMfl 

30HA3, Anfl nOAAepwaHMfl nOCTOSHHblM 

Bbi6paHHoro napaMeTpa. 
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